In two experiments we evaluated the effect of water and acetic acid soaking on ME, apparent amino acid (AA) availability, and true AA availability of vetch (V) and ervil (E) seeds. In Experiment 1, the feedstuffs were untreated (U) V or coarsely ground V soaked in water (1:10, wt/vol) at 40 C for 72 h with a water change every 12 h (40WV), vetch soaked in 1% acetic acid for 24 h at 40 C (40AAV) or at room temperature (RTAAV), or dehulled soybean meal (SBM). In Experiment 2, E seeds were subjected to the same soaking methods, and the ingredients were UE, 40WE, 40AAE, RTAAE, and SBM. Each feedstuff was precision-fed to five individually caged mature ISA Brown roosters. A group of five roosters was used to correct for metabolic and endogenous energy and amino acid losses. The AME, AME n , TME, and TME n of UV and UE (in parentheses) were 2,558 (Key words: vetch, ervil, metabolizable energy, amino acid availability)
INTRODUCTION
Vetch (Vicia sativa) and ervil (Vicia ervilia) seeds have been used in animal feeds, and, when treated, as an alternative source of protein in poultry diets (Perez et al., 1993; Fernandez-Figares et al., 1995; Farran et al., 1998) . The presence of some antinutritional factors in the raw seeds limits their use in poultry diets. Vetch (V) contains vicine, convicine, and β-cyanoalanine (Cheeke and Shull, 1985) , whereas ervil (E) contains canavanine (Angeles Garcia and Ferrando, 1992) . Several detoxification methods have been reported, including autoclaving (Harper and Arscott, 1962; Farran et al., 1995; Fernandez-Figarez et al., 1995) and soaking in water or acetic acid (Farran et al., 1998) .
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(2,663), 2,840 (3,098), 3,026 (3,154) , and 2,934 (3,176) kcal/ kg DM, respectively, and were, in general, higher than those of SBM. The TME n of V increased as a result of soaking in water or acetic acid, whereas that of E decreased in 40WE and RTAAE by 492 and 920 kcal/kg DM, respectively (P < 0.05). The apparent availability of most essential amino acids in UV and UE was lower (P < 0.05) than that of SBM. Acetic acid soaking of V, irrespective of temperature, and E at 40 C resulted in apparent AA availability similar to that of SBM except for Met. The true AA availability of V treated or not, and that of E soaked at 40 C, were similar to that of SBM. Results indicated that UV and UE are energy rich ingredients but detrimental to amino acid availability. Soaking the seeds in acetic acid at room temperature and at 40 C improved the nutritional value of V and E, respectively. to 5.1 d and a cessation of egg production in laying hens within 14 d postfeeding. Toxicity symptoms persisted after soaking the seeds in water for 24 h at room temperature; however, when they were soaked at 1:10 (wt/vol) in water at 40 C for 72 h, with a water change every 12 h (40 WV) or in 1% acetic acid at room temperature (RTAAV), or at 40 C (40AAV) for 24 h, no toxicity symptoms were observed. Moreover, the RTAAV treatment results in laying hen performance comparable to that of the control (Farran et al., 1998) . Halaby (1997) showed that a diet with 60% raw E depressed weight gain and reduced feed palatability but did not result in broiler mortality over a 3-wk feeding trial. When soaked in water at 40 C for 72 h, the 60% dietary E improved broiler performance. Raw E at 60% also resulted in cessation of egg production of laying hens within 2 wk postfeeding. When the E seeds were subjected Abbreviation Key: AA = amino acid; 40AA = soaked in acetic acid at 40 C; E = ervil; RTAA = soaked in acetic acid at room temperature; SBM = soybean meal; U = untreated; V = vetch; 40W = soaked in water at 40 C.
to soaking treatments similar to those of V, as described above, the 40AAE proved superior to the 40WE in terms of performance but was significantly lower than that of the control. The RTAAE, however, remained detrimental to laying hens. In the present study, we evaluated the ME and apparent and true amino acid (AA) availabilities of common V and E seeds and the changes in their nutritional values in response to water and acetic acid treatments.
MATERIALS AND METHODS

Experiment 1
Coarsely ground V seeds were soaked in water (1:10, wt/vol) at 40 C for 72 h, with a solvent change every 12 h (40WV), or in 1% acetic acid at 40 C (40AAV) or at room temperature (RTAAV) for 24 h. The seeds were then dried at room temperature. Two other experimental feed ingredients were untreated V seed (UV) and dehulled soybean meal (SBM) as a control treatment. All test feed ingredients were finely ground in a Falling mill.
2
Thirty dubbed ISA Brown roosters, aged 67 wk, were distributed among individual metabolism cages placed in a closed and ventilated room. They were fed a latecycle commercial corn-SBM layer diet (Sibbald, 1986) for an adaptation period of 1 wk during the month of December. Average maximum and minimum ambient temperatures during the experiment were 12.5 and 10.4 C, respectively. Forty-eight hours prior to precision feeding, feed was withdrawn, and each bird received 40 mL of an aqueous glucose solution (38.5%) 40 and 16 h before tube feeding (McNab and Blair, 1988) . Forty grams of each experimental feed ingredient was precision-fed individually to five roosters according to the method of Sibbald (1986) . The set of five roosters used to correct for endogenous energy and AA losses were tube-fed 40 g of glucose rather than given no feed. Moreover, all birds were given 40 mL water by tube 32 h after force-feeding, as recommended by McNab and Blair (1988) .
Total excrements were individually collected in a clean aluminum tray from all birds, 48 h postprecision feeding. The excreta were carefully cleaned of feathers, stored at −22 C, freeze-dried, and ground. Conventional methods described by the Association of Official Analytical Chemists (1990) were used to determine nitrogen, ether extract, ash, crude fiber, and moisture of feed and nitrogen and moisture of excreta samples. Total nitrogen was determined by the Kjeldahl procedure, and protein content was calculated with a 6.25 conversion factor. Crude fat was determined by the Soxhlet method by using diethyl ether, and ash content was determined gravimetrically after incineration at 600 C for 24 h. Crude fiber was determined gravimetrically after digesting the samples in 0.255 N H 2 SO 4 and 0.313 N NaOH. Nitrogen-free extract was calculated by subtracting CP, crude fat, ash, and crude fiber from the dry matter content. Gross energy of feed ingredients and excrements was determined using a Parr adiabatic oxygen bomb calorimeter.
3 The gross energy excreted was corrected to zero nitrogen balance by using a factor of 8,220 cal per gram of nitrogen (Hill and Anderson, 1958) . Amino acid contents were determined at the University of Maryland, College Park, Maryland, by using a Dionex amino acid analyzer. 4 Samples for all amino acids were hydrolyzed in 6 N HCl for 24 h, except for Ile and Val for 72 h (Thomas et al., 1981) . The AME, AME n , TME, and TME n of the test feed ingredients were determined by the method of Sibbald (1986) , and apparent and true AA availabilities were calculated according to Likuski and Dorrell (1978) .
Experiment 2
The processing steps of E seeds were similar to those of V seeds described in Experiment 1. Other experimental conditions were also similar, except for the aqueous glucose solution concentration, which was increased to 50%. The SBM sample was replicated in Experiment 2 and used as a control treatment. Average maximum and minimum ambient temperatures during the experimental period were 14.7 and 12.8 C, respectively. Data in both experiments were analyzed using the general linear models procedure for one-way ANOVA, and means were separated by Duncan's multiple-range test where appropriate (SAS Institute, 1992) .
RESULTS
Experiment 1
Chemical composition and amino acid contents of SBM, UV, 40WV, 40AAV, and RTAAV, are presented in Table  1 . The CP content of UV (29.83%) slightly decreased as a result of soaking in acetic acid at 40 C. Water and acetic acid soaking, however, resulted in an increase in crude fat level and a reduction in ash content. Soaking the seeds in acetic acid at 40 C resulted in the highest increase in crude fat (54%). Moreover, the 40WV was found to have the lowest ash content, which was 64% less than that of the UV. Crude fiber increased only in 40WV and RTAAV. Minor changes in amino acid concentration of V seed were observed in response to the soaking treatments.
The AME, AME n , TME, and TME n of all V seeds, treated or not, were higher (P < 0.05) than those of SBM ( Table  2 ). The AME and TME of UV were not significantly improved by soaking in acetic acid at room temperature. They were, however, increased (P < 0.05) when soaked in water or acetic acid at 40 C. Nitrogen correction resulted in an overall improvement (P < 0.05) in AME and TME of all treated V as compared to UV. The AME n and TME n of 40WV were comparable to those of 40AAV but were significantly higher than those of RTAAV. Table 3 shows the apparent and true AA availabilities of UV, 40WV, 40AAV, RTAAV, and SBM. The apparent availability of all essential AA (except for Ile, His, and Arg) and nonessential AA (except for Asp and Ala) in UV was lower than that of SBM (P < 0.05). Compared to UV, water soaking significantly lowered the apparent His availability and did not appreciably improve the apparent availability of other AA. Acetic acid, however, irrespective of soaking temperature, increased the apparent availability of Asp, Ser, Glu, Val, Leu, Phe, and Lys, resulting in apparent AA availability profile similar to that of SBM, except for Met (P < 0.05). True AA availability of treated V or UV was found to be similar to that of SBM. Only His bioavailability of 40WV was significantly lower than that of 40AAV.
Experiment 2
The CP content of UE seeds (28.52% DM) slightly increased by soaking in acetic acid, irrespective of tempera-TABLE 2. AME, AME n , TME, and TME n (kcal/kg DM) of soybean meal (SBM), untreated vetch (UV) or ervil (UE) seeds, and seeds of vetch or ervil soaked in water 1 (1:10, wt/vol) at 40 C (40WV, 40WE) or in 1% acetic acid at 40 C (40AAV, 40AAE) or at room temperature (RTAAV, RTAAE) for 24 h; Experiments 1 and 2 Within experiment, means in the same row with no common superscripts differ significantly (P < 0.05).
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For 72 h with a water change every 12 h.
2 (TME n − TME) TME × 100.
ture (Table 1) . Treatment by 40W or 40AA slightly increased crude fat of E seeds. In response to water and acetic acid treatments, crude fiber increased and ash content decreased. Moreover, soaking in 1% acetic acid solution at 40 C resulted in the highest increase in crude fiber (32%) and maximal decrease in ash (53%). Compared to UE, all amino acids, except Tyr and His, were found to decrease as a result of RTAA treatment. The treatment of 40W or 40AA resulted in an amino acid profile similar to that of UE. The ME and AA availability results of SBM in this trial were comparable to those obtained in Experiment 1. The AME and TME values of UE (2,663 and 3,154 kcal/kg DM, respectively) were not significantly different from those of 40WE, 40AAE, and SBM. The RTAAE, however, had the lowest (P < 0.05) AME and TME among all treatments ( Table 2 ). The AME n and TME n of 40AAE were slightly lower than those of UE. The 40W treatment re-TABLE 3. Apparent and true amino acid availability (%) of dehulled soybean meal (SBM), untreated vetch seeds (UV), or vetch soaked in water 1 (1:10, wt/vol) at 40 C (40WV) and in 1% acetic acid for 24 h at 40 C (40AAV) or at room temperature (RTAAV); Experiment 1 Means in the same row under either apparent amino acid availability and true amino acid availability with no common superscripts differ significantly (P < 0.05).
1
sulted in values that were comparable to those of SBM but significantly lower than those of UE and 40AAE. The lowest AME n and TME n (P < 0.05) resulted from the RTAAE treatment.
The apparent availability of Thr, Ser, Pro, Met, Tyr, Lys, His, and Arg in UE seeds was lower than that of SBM (P < 0.05). Compared to UE, RTAAE decreased the apparent availability of most AA and significantly lowered that of Asp, Ser, Glu, Pro, Val, Ile, Leu, Tyr, and Phe (Table 4 ). The 40W treatment of E seeds increased the apparent availability of Arg only (P < 0.05). The apparent availability of all AA in 40AAE was similar to that of SBM except for Met, which was not improved by any of the soaking methods.
The true AA availability in UE, except for Lys and Arg, was comparable to that of SBM (Table 4 ). In general, compared to UE, RTAA lowered the true availability of Means in the same row under either apparent amino acid availability and true amino acid availability with no common superscripts differ significantly (P < 0.05).
For 72 h with a water change every 12 h. all AA and significantly decreased that of Asp, Ser, Glu, Pro, Ile, Leu, Tyr, and Phe. On the other hand, 40W significantly improved the true availability of Arg but not of Lys. The Lys availability, however, was improved (P < 0.05) in 40AAE, whereas all other true AA availability values were comparable to those of SBM.
DISCUSSION
The CP of UV (29.83%) and UE (28.52%) in this study were higher than those reported by Perez et al. (1993) and Fernandez-Figares et al. (1995) . Castanon and PerezLanzac (1990) and Yalcin and Ö nol (1994) reported lower CP values for UV and UE, respectively. The variation between the proximate analysis results of UV and UE in this study and those reported in the literature could be attributed to the difference in the variety of seeds ana-lyzed. The current results showed that E, like V, is deficient in Met and rich in Lys. In general, the AA profiles of UV and UE (Table 1 ) are in agreement with those reported by Perez et al. (1993) and Fernandez-Figares et al. (1995) .
Literature on values for AME, TME, and TME n of V was not available. The AME n of UV in this study (2,840 kcal/kg DM) was comparable to the ME n of V (2,880 kcal/kg DM) estimated by Castanon and Perez-Lanzac (1990) . On the other hand, AME, AME n , TME, and TME n values of UE (Table 2) were lower than those reported by Yalcin and Ö nol (1994) . The current findings revealed that UE is, in general, richer in energy than UV, and both have TME n values higher than that of SBM (Table 2) , untreated fababeans (Castanon and Marquardt, 1991) , and untreated peas (Igbasan and Guenter, 1996) .
The increase in the energy value of V in response to soaking could not be explained only by the slight increase in their respective nitrogen-free extract contents (Table  1) . It could also have been due to the partial or total elimination of antinutritional factor(s), as a result of soaking the V seeds in water or acetic acid, and the consequent improvement in broiler and laying hen performance (Farran et al., 2001 ). Contrary to V, soaking E in water or acetic acid at 40 C did not improve its energy content. Moreover, RTAAE had ME values far lower than those of UE (Table 2) . It can be speculated that the antinutritional factor(s) present in UE seeds were exacerbated by acetic acid at room temperature, thus drastically decreasing not only the ME but also the availability of AA. The low performance of laying hens fed diets containing 60% RTAAE in comparison with those on 40WE and 40AAE are in support of this hypothesis (Halaby, 1997) . Moreover, work conducted by the same author showed that 60% dietary 40WE significantly improved performance of broilers as compared to 60% UE at 4 wk of age.
Because nitrogen retention was negative, the AME n values of all feedstuffs in both experiments were higher than their corresponding AME values. Nitrogen correction resulted in a reduction between 0.70 and 6.31% in the TME values of all ingredients tested in both experiments, except for those of UE and RTAAE, for which their TME increased by 0.70 and 2.36%, respectively ( Table 2 ). The increase in TME n was due to the fact that the nitrogen balance in RTAAE-and UE-fed birds was even more negative than the endogenous loss and their excreted energy was low. The increase in TME of UE as a result of nitrogen correction is in agreement with the findings of Yalcin and Ö nol (1994) , who concluded that UE is an energy-rich ingredient but could be highly detrimental to the metabolism of nitrogen.
Conventional birds have been used in amino acid digestibility assays (Likuski and Dorrell, 1978; Sibbald, 1979 Sibbald, , 1986 without considering hindgut microbial effect on AA metabolism (Parsons, 1986) . Amino acid digestibility values of meat meal (Parsons, 1986) and feather meal (Han and Parsons, 1991) obtained from intact birds were higher than those derived from cecectomized ones, but the values were highly correlated. Therefore, Han and Parsons (1991) concluded that both types of birds are equally sensitive in detecting differences in nutritional qualities. Although conventional birds were used in the present study, the current apparent AA availability results except for Met and Val are in agreement with those of Perez et al. (1993) , who reported a lower ileal digestibility of all essential AA in UV as compared to SBM. The same authors also reported a lower digestibility of most essential AA in UE including Met, Lys, and Arg.
Unlike V, RTAAE was detrimental not only to its ME values but also to its apparent and true AA availabilities. Treatment by 40W or 40AA, however, was found to improve the apparent AA availability (except Met) and true AA availability of V and E seeds and resulted in values comparable to those of SBM. Similarly, autoclaving was found to improve the apparent and true ileal amino acid digestibility of V and E seeds (Fernandez-Figares et al., 1995) , as well as the protein and total AA digestibility of fababeans (Brufau et al., 1998) .
The interaction between Arg and Lys is well documented (D'Mello and Lewis, 1970; Nesheim, 1974) . Moreover, the structural similarity between canavanine and Arg (D'Mello, 1991) may explain the lower true availability of Arg and Lys in UE and RTAAE seeds. The current results (Table 4) suggested that acetic acid at 40 C might have partially or totally eliminated canavanine, which was not determined in this study. It can be concluded that soaking in water or in acetic acid improved TME n of V but not that of E seeds. The RTAA treatment improved the apparent AA availability of V but drastically lowered apparent and true AA availabilities and energy values of E seeds. Soaking in acetic acid at temperatures ≥40 C may prove beneficial in improving the nutritional value of E.
